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The g factors of 21
1, 41

1, and 22
1 states in the stable130,132,134,136Xe isotopes have been measured via

projectile Coulomb excitation in inverse kinematics in combination with the transient field technique. The
results show a steady decrease ing(21

1) as the number of neutron holes increases in the lighter nuclei below
the closedN582 neutron shell. Theg factors of the 41

1 states in132,134Xe are consistently larger than theg
factors of the 21

1 states, a characteristic of proton excitation. Theg factors of the 21
1, 41

1, and 22
1 states in

130Xe are approximately equal as would be expected for vibrational excitations.
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I. INTRODUCTION

The region 54,N,80, spanning the isotopes of Ru, P
Cd, Ba, Xe, and Te, contains nuclei described by configu
tions lying between spherical and deformedg-soft vibrators.
This interpretation arises primarily from examination of t
energies of excited states as well as transition probabilit
The ratiosR5E(41

1)/E(21
1) remain fairly stable between

2.0 and 2.5 for 62,N,80, and theB(E2)’s decrease from
about 80 to 20 Weisskopf units over the same interval. E
within the large statistical errors of the early experiments@1#,
the g factors of the 21

1 states conflict with the traditiona
interpretation, lying well below the valueZ/A expected for a
collective vibrational state. This general trend is usually
tributed to differences in pairing strengths for protons a
neutrons@2#. However, in the case of the Xe isotopes a
other nominally vibrational nuclei in transitional regions ne
closed shells, the effect of pairing may be less import
because single particles can play a key role in theg factors.

The advent of the interacting boson model, especially
version where neutrons and protons are treated separ
@3,4#, IBM-II, yielded remarkable agreement with the ne
much more precise,g factors of 21

1 states of even-even nu
clei from Ru to Te@5#, obtained with the transient field tech
nique @6,7#. TheB(E2;21

1→01
1)’s calculated in this model

with constant effective charge for the entire isotopic cha
were in very good agreement with the experimental data@8#.
A recent calculation of theg factors of the 21

1 states of Xe
and Ba isotopes@9# with the wave functions of Ref.@8# and
bosong factors,gp51 andgn becoming increasingly more
negative with increasingA, yielded results slightly smalle
than the lowest-order IBA-II prediction: namely,g
5gp(Np /(Np1Nn))1gn(Nn /(Np1Nn)), where gp51
andgn50. The IBA-II model also predicted that theg fac-
tors of 41

1 states are equal to those of the 21
1 states.
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The success of IBM-II extended to heavier nuclei in t
88,N,120 region. However, as in the lighter nuclei, maj
discrepancies between theoretical predictions and experim
arose when a new generation of very precise measurem
of g factors @10–12# became available. In the Nd and S
isotopes, deviations from the model occurred not only a
function of N, but also as a function of spin@11,12#. These
deviations were understood in terms of an important int
play of single-particle configurations with the emerging c
lective structure.

The stable even124–136Xe isotopes, with four protons
above theZ550 shell closure and spanning the range fro
70 neutrons to the closed shell atN582, provide fertile
ground to probe the development of collective structures
the number of neutron holes increases. Single-particle eff
can be expected to dominate near theN582 shell closure
and may lead to variations in theg factors of the low-
excitation states. As the nuclei become collective,g factor
variations may still occur@13–15#, but they are harder to
explain in collective models, which, to first order, predi
that all low-lying excited states have identicalg factors.
F-spin-mixing mechanisms in the proton-neutron interact
boson model can account forg(22

1)/g(21
1) variations of the

order of<10% @15,16#, but differences betweeng(21
1) and

g(41
1) require a mechanism outside the IBM-II model.

These considerations provided the motivation to meas
the g factors of the first 21 and 41 states of these Xe iso
topes. Theg(41

1) factor of 136Xe @17# and theg(21
1) factors

of 124–132Xe @18–20# have been previously determined wi
the IMPAC and IPAC methods. However, these results
pend directly on knowledge of the lifetimes of the nucle
states. Conventional transient field measurements of
g(21

1) factors of 132,134,136Xe had been carried out using Xe
implanted carbon targets and iron as the ferromagnetic
@21#. In the current experiment,g factors of 21

1, 41
1, and 22

1
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FIG. 1. Low-lying level
schemes of the stable
130,132,134,136Xe isotopes@22–25#.
The lifetimes indicated in the fig-
ure have been measured in th
present experiment by the
Doppler-shift attenuation method
~DSAM! except those for the
long-lived 41

1 and 61
1 states in

136Xe @25#.
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states in 130,132,134,136Xe isotopes were measured with th
relatively high precision that ensues from inverse kinema
experiments carried out on beams. In addition, the high
coil velocity of the isotopes studied allowed measureme
of mean lifetimes of various excited states by the Dopp
shift attenuation method~DSAM! with higher precision than
quoted in the literature@22–25#. Figure 1 displays the low-
lying energy levels of the stable130,132,134,136Xe isotopes and
Table I presents the available spectroscopic information.

II. EXPERIMENTAL PROCEDURE
AND DATA ANALYSIS

The experimental procedure and subsequent analys
the data follow very closely the recent work on Kr isotop
02431
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@26#. In the present work, isotopically pure130,132,134,136Xe
beams with energies between 485 and 508 MeV were p
vided by the 88-Inch Cyclotron at the Lawrence Berkel
National Laboratory. A multilayered target was used, cons
ing of a 1.0 mg/cm2 natTi excitation layer, onto which 5.2
mg/cm2 of gadolinium was evaporated at high temperatu
@27#. A copper stopper layer of 4.9 mg/cm2 on the backside
of the gadolinium provided good thermal conductivity. A
additional 9.0 mg/cm2 copper foil was placed behind th
target as a beam stop.

The 130,132,134,136Xe projectiles were Coulomb excited t
their 21

1, 41
1, and 22

1 states by impinging on thenatTi target
layer and subsequently traversed the polarized ferromagn
gadolinium layer, where they experienced spin precessio
the transient magnetic hyperfine field. The excited Xe io
ked by
TABLE I. Spectroscopic data on the low-lying levels of130,132,134,136Xe @22–25#. Energies are in MeV,
mean lifetimest in ps, B(E2)’s in Weisskopf units, andB(M1)’s in mN

2 . The first line of the lifetime and
B(E2) data presents the results from the DSAM analysis of the current experiment, while the data mar
an asterisk~* ! are from Refs.@22–25#.

54
130Xe76 54

132Xe78 54
134Xe80 54

136Xe82

E(21
1) 0.5361 0.6677 0.8470 1.3130

t(21
1) 12.6~6! 6.6~2! 3.0~2! 0.52~2!

12.4(14)* 6.8(3)* 2.7(6)* 0.59(26)*
E(22

1) 1.1221 1.2979 1.6138 2.2895
t(22

1) 6.6~5! 4.4~4! — —
E(41

1) 1.2046 1.4403 1.7312 1.6944
t(41

1) 3.5~2! 2.6~2! 3.2~2! 1.90•103*
E(41

1)/E(21
1) 2.247 2.157 2.044 1.290

I (22
1→21

1)/I (22
1→01

1) 6.49~29! 14.9~14! 0.96~6! 0.26~2!

d(22
1→21

1) 13.75(12) 14.07(16) 22.4(2) —
B(E2; 21

1→01
1) 37.1~17! 23.7~6! 14.7~1! 10.3~4!

38(5)* 23.2(10)* 17.7(33)* 9.0(40)*
B(E2; 41

1→21
1) 44.5~20! 28.8~24! 12.1~8! 1.25(6)*

B(E2; 22
1→21

1) 37.1~28! 41.3~33! — —
B(M1; 22

1→21
1) 0.00247~23! 0.00276~30! — —

B(E2; 22
1→01

1) 0.238~20! 0.079~9! — —
6-2
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EVIDENCE FOR PROTON EXCITATIONS IN . . . PHYSICAL REVIEW C65 024316
come to rest and decay in the copper target layer, free f
further hyperfine interactions. The kinematics of the exci
Xe ions, calculated from the stopping powers tabulated
Ziegler et al. @28#, are summarized in Table II.

The recoiling titanium ions passed through the target
copper foil and were detected in a rectangular solar cell
tector. This particle detector, centered at 0° relative to
beam, subtended angular ranges of625° perpendicular to
and611° parallel to theg detection plane. The shape of th
particle detector was chosen to enhance the angular cor
tion @29#. In order to provide good ferromagnetic properti
for the gadolinium layer throughout the spin precession m
surements, the target was mounted on the tip of a ma
which was cooled by liquid nitrogen. The magnetization
the target was measured before and after the experime
an ac magnetometer@30# and found to remain constant a
M50.1613 T. Two iron cones span the space between
target and the input collimator on the upstream side and
particle detector on the downstream side to eliminate p
sible bending of the beam and recoiling ions in the st
external magnetic field applied to align the magnetization
the gadolinium foil. Deexcitationg rays were detected in
two pairs of Ge detectors with relative efficiencies of 40
and 50%, respectively, located upstream and downstrea
the target. In addition, a 25% Ge detector was placed at
Figure 2 shows the coincidence spectra observed for
130,132,134,136Xe isotopes. The observed transition intensiti
corrected for their angular correlations, were in excell
agreement with Coulomb excitation calculations@31#.

The major advantage of the inverse reaction kinema
over the standard reaction is that several isotopes can
measured with the same target. This feature diminishes
tematic errors attributed to uncertainties in the layer thi
nesses and ferromagnetic properties of the delicate mult
ered targets. Another important advantage arises from
kinematic focusing of the coincident lighter target ions d
tected by the particle detector at 0°, which provides a m
higher excitation yield for the states of interest.

A. Determination of the precession angleDu

The precession angle of the excited nuclear state is de
mined as the ratio of the spin precession ‘‘effect’’e and the
logarithmic slope of the angular correlation,S
5(1/W)dW/du:

Du5e/S.

TABLE II. Characteristics of the reaction kinematics. Energ
are given in MeV.̂ E& in , ^E&out , ^v/v0& in , and^v/v0&out are the
calculated average energies and velocities of the excited Xe ion
they enter into and exit from the gadolinium target layer.v0

5e2/\ is the Bohr velocity.

Isotope Ebeam ^E& in ^E&out ^v/v0& in ^v/v0&out

130Xe 509 111.7 12.8 5.89 1.99
132Xe 499 111.4 13.1 5.83 2.00
134Xe 492 111.8 13.7 5.80 2.03
136Xe 485 112.2 14.3 5.77 2.06
02431
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These two quantities are measured separately.
The particle-g angular correlationsW(ug) were deter-

mined from anisotropy measurements in which theg detec-
tors were alternately placed at angles650°, 6130° and
680°, 6100°. Anisotropy ratios were thereby indepe
dently derived from the two detector pairs and are given
the cross ratios

R~130°/100°!5AN1~2130°!

N1~2100°!

N4~1130°!

N4~1100°!

and

R~50°/80°!5AN2~250°!

N2~280°!

N3~150°!

N3~180°!
,

whereNi(ug) are the coincidence counting rates of the ph
topeak of theg transition in thei th detector and are propor
tional to Wi(ug).

By constructing the ratios in this way, many systema
errors cancel, including uncertainties in the beam curre
time of measurement, and relative efficiencies of the de
tors. W(ug) was extracted from these ratios, and the log
rithmic slope was calculated at the detector position in
‘‘effect’’ measurement as described in@26#.

To measure the ‘‘effect’’e, an external magnetic field o
Bext50.06 T was applied alternately↑ ~‘‘up’’ ! and ↓
~‘‘down’’ ! with respect to theg-ray detection plane. The fou
Ge detectors were placed at666° and6114° with respect
to the beam axis.e is then expressed as the ratio

e5
r21

r11
,

where the ‘‘double ratio’’r5Ar1,4/r2,3 is constructed from
ratios of coincidence counting rates of the two pairs of d
tectors:

r i , j5ANi
↑
•Nj

↓

Ni
↓
•Nj

↑.

As in the case of the anisotropy ratios, the ratiosr are de-
signed such that most systematic errors cancel.

This analysis was sufficient to determine theg factors of
the 21

1 states in134,136Xe, which are not appreciably fed b
higher states. However, the analysis of the 21

1 states in
130,132Xe is more complex due to considerable feeding co
tributions from the 22

1 and 42
1 states. In these cases, th

observed decays of the 21
1 states contain contributions from

the higher states which must be subtracted in order to ob
e and S corresponding to the precession of the magne
moment of the state of interest. The details of the analy
were presented in@15,26,32#.

B. Measurement of lifetimes

Mean lifetimes of 21
1 and 41

1 states in 130,132,134,136Xe
isotopes were determined from the DSAM analysis@33# of

as
6-3
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FIG. 2. Particle-g coincidence
spectra for 130,132,134,136Xe taken
with the Ge detector placed at 0
with respect to the beam axis
Most g transitions result from the
Xe projectile and Ti target Cou-
lomb excitation. Additional transi-
tions attributed to excited levels o
neighboring isotopes, which wer
produced via neutron transfer re
actions, were observed. Several
the most intense ones are marke
The peaks marked by dots are d
scribed by the adjacent labels.
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the Doppler-broadened line shapes observed in detector
cated at 0°, 50°, and 66° with respect to the beam. In e
case, the best spectra were chosen on the basis of achi
a balance between statistics and higher resolution of sh
and stopped contributions to the peaks. Side feeding co
butions to the 21

1 state from the 41
1 state decay were take

into account.
Figure 3 displays the DSAM fits to the Dopple

broadened lineshapes of the 41
1→21

1 transitions in
130,132,134Xe and of the 21

1→01
1 transition in 136Xe. Life-

times of the 41
1 states of 130,132,134Xe and 22

1 states of
130,132Xe have been measured for the first time. The me
lifetimes of the 21

1 states obtained in this experiment~Table
I! are in agreement with the results of previous measu
02431
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ments@22–25#. The stopping powers of Ref.@28# were used
in the analysis. The quoted errors were obtained by doub
the statistical errors in the measurement to account for p
sible systematic uncertainties in the DSAM arising from t
complex nature of the target.

III. RESULTS

Theg factors were deduced from the measured preces
anglesDu5e/S by the expression

Du52g
mN

\ E
t in

tout
BTF~v~ t !,Z!e2t/t dt, ~1!

whereBTF is the transient field, which depends on the velo
6-4



4

EVIDENCE FOR PROTON EXCITATIONS IN . . . PHYSICAL REVIEW C65 024316
FIG. 3. DSAM analysis of the 41
1→21

1 transitions in the130,132,134Xe even isotopes and the 21
1→01

1 transition in 136Xe. The solid line
represents the best fit to the data. The wiggle in the fitted line, which is very pronounced for the136Xe 21

1→01
1 transition, arises from the

layered structure of the target. Most of the intensity under the stopped peak corresponds to feeding from the decay of the long-lived1
1 state.
g

pr
n
th

n
the
ea-

ith
had
ity v and atomic numberZ of the probe ion,t is the mean
lifetime of the state being examined, andt in and tout are the
mean entrance and exit times of the ions traversing the
dolinium layer. The Rutgers parametrization@7# was used to
evaluate the strength of the transient field. The slopes,
cession angles, and resultingg factors are summarized i
Table III. The precession of the magnetic moment of
02431
a-

e-

e

long-lived 41
1 state in136Xe was corrected for the precessio

in the 0.06 T external magnetic field. Table IV compares
results of this experiment with the data from previous m
surements.

As can be seen from Table IV, theg(21
1) factors of the

130,132,134,136Xe isotopes are in qualitative agreement w
previous IMPAC and transient field measurements which
6-5
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TABLE III. Results of the measurements of the logarithmic slopesS(ug) of the particle-g angular correlation of the individual nuclea
states, the spin precession anglesDu, and theg factors.

uS(66°)u Du g uS(66°)u Du g uS(66°)u Du g
~mrad! ~mrad! ~mrad!

21
1 41

1 22
1

54
130Xe76 2.495~23! –30.7~10! 10.334~11! 0.943~7! –34.8~43! 10.42~5! 0.724~7! –38.8~77! 10.45~9!

54
132Xe78 2.553~27! –26.9~10! 10.314~12! 0.961~9! –46.9~85! 10.61~11! 0.710~8! –6.8~178! 10.1~2!

54
134Xe80 2.595~14! –27.7~5! 10.354~7! 0.972~5! –62.3~117! 10.80~15! — — —

54
136Xe82 2.675~41! –30.4~16! 10.766~45! 0.989~9! –104.7~420! 11.08~43!a — — —

aThe observed effect for this long-lived state has been corrected for the precession in the external field.
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been carried out under different experimental conditions. T
average of the IMPACg(21

1) factor measurements, of pre
vious transient field data and the new results for theg(41

1)
andg(22

1) factors, are shown in Fig. 4. Theg factors of the
41

1 states of the130,132,134Xe isotopes have been measured
the first time. Theg factor of the 41

1 state in 136Xe was
measured previously in a radioactivity measurement@17#.

IV. DISCUSSION

The g(21
1) data displayed in Fig. 4 lie well belowZ/A,

the prediction of collective models. As expected, theg fac-
tors of the 21

1 and 41
1 states in136Xe are large, supporting

proton excitations. As a first approximation both states
expected to be described by ag7/2 proton configuration. A
recent calculation within the framework of cranked Hartre
Fock-Bogoliubov formalism @34# predicts g(21

1 ;136Xe)
51.0022, somewhat larger than the experimental results,
g(41

1 ;136Xe)50.8227, in good agreement with the data. T
calculations also agree with the data forg(21

1) andg(61
1) in

138Ba, but overpredictg(41
1).

Theg(21
1) of the lighter isotopes decrease steadily as

number of neutron holes in the closedN582 shell is in-
creased, as expected since theh11/2 neutron configuration,
with its negativeg factor, should play an increasing role. O

TABLE IV. Comparison of previous measurements ofg(21
1)

andg(41
1) with the current data. The data of Ref.@21# were reana-

lyzed with the newly determined lifetimes and the linear parame
zation of the transient field in iron determined in Ref.@35#.

21
1 Ref. @18# Ref. @19# Ref. @20# Ref. @21# This work

54
124Xe70 10.23~2!

54
126Xe72 10.27~4! 10.37~7!

54
128Xe74 10.31~3! 10.41~7!

54
130Xe76 10.31~4! 10.38~7! 10.334~11!

54
132Xe78 10.38~6! 10.39~5! 10.37~5! 10.349~34! 10.314~12!

54
134Xe80 10.504~49! 10.354~7!

54
136Xe82 10.83~10! 10.766~45!

41
1 Ref. @17# This work

54
136Xe82 10.80~15! 11.08~43!
02431
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the other hand, the behavior ofg(41
1) differs from that of

g(21
1). It is probably a coincidence thatg(41

1) follows the
IBA prediction since theseg factors are more realistically
interpreted as evidence for proton excitations nearN582.

The value ofg(132Xe; 22
1) tends to be small, suggestin

a configuration dominated by neutron single-particle sta
Interestingly, theg factors of the 21

1, 41
1, and 22

1 states of
130Xe have the same value within errors, in agreement w
the collective picture whereg5Z/A.

The N582 isotones nearZ550 have been the subject o
a number of recent shell model studies in which the vale
proton configurations were unrestricted within the 50–
major shell and different residual interactions were employ
@36–38#. The semimagic Sn isotopes have also been stud
recently by shell model calculations in which the valen
neutron configuration was unrestricted within the 50–
neutron shell, and realistic two-body residual interactio
were employed@39#.

To date, the calculations have emphasized level ener
and sometimes transition rates. Theoretical work which c
culates the magnetic moments in nuclei nearN582 is scant.

FIG. 4. Comparison of theg factors measured in this experime
~solid symbols! with the average of previous data~open symbols! in
Refs. @17–21#. The solid line represents the IBA-II model predic
tion, g5gp(Np /(Np1Nn))1gn(Nn /(Np1Nn)) ~with gp51 and
gn50).

i-
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EVIDENCE FOR PROTON EXCITATIONS IN . . . PHYSICAL REVIEW C65 024316
An exception is the work of Whiteet al. @40#, wherein the
moments of the 7/21 ground states in the odd-A, N582,
isotones have been studied in some detail, along with
7/21 ground states of theN,82 isotopes of Sb. Recently
magnetic moments have been calculated with different s
model calculations in a few cases in neutron-rich nuclei n

50
132Sn @41#.

A new set of shell model calculations~OXBASH @42#! has
been performed for the Xe and Te isotopes nearN582
where the valence protons occupied theZ550–82 shell and
the neutron~holes! were in theN550–82 shell. In other
words, valence protons and neutrons were added to a50

100Sn50

core. The single-particle energies were chosen to reprod
the single-proton states in51

133Sb82 and the single-neutron

TABLE V. Single-particle energies and calculatedg factors for
proton and neutron-hole orbits in50

131Sn81 and 51
133Sb82. The effective

orbital and sping factors are discussed in the text.

Orbit Neutron holes: 50
131Sn81 Protons: 51

133Sb82

Ex ~keV! g Ex ~keV! g

2d3/2 0 10.554 2439 10.544
1h11/2 242 20.223 2793 11.39
3s1/2 332 22.65 2920 14.04
2d5/2 1655 20.514 962 11.54
1g7/2 2434 10.317 0 10.803
02431
e
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hole states in 50
131Sn81 ~Table V!. Surface delta interaction

~SDIs! were used to represent the two-body residual inter
tions. The proton-proton (App50.23MeV) and neutron-
neutron (Ann50.19 MeV) interactions give comparable d
scriptions of the level energies in52

134Te82 and 50
130Sn80,

respectively. The calculated spectrum of51
132Sb81 is not very

sensitive to the strength of the SDIs. The valueApn

50.25 MeV was adopted, based on the expectation
Apn;App;Ann;25/A MeV, and that this value gave
slightly better description of 51

132Sb81 than the lower values
adopted for the proton-proton and neutron-neutron inter
tions.

Since core polarization and meson-exchange currents
fect the single-particleg factors, the orbital and sping factors
of the neutron were chosen to give a good account of
experimentalg factors of the (3/2)1 (2d3/2) and 11/22

(1h11/2) states in 54
135Xe81. The corresponding quantities fo

the proton were chosen to reproduce theg factors of the
low-lying (7/2)1(1g7/2) and (5/2)1(2d5/2) states in the odd-
Z, N582 isotones @1#. The values adopted aregl(p)
51.13, gs(p)54.0450.72gs

f ree(p), gl(n)50.02, and
gs(n)522.6550.69gs

f ree(n). For the protons, the effective
single-nucleong factors are close to those calculated in R
@40#. The single-proton and single-neutron-hole spectra
shown in Table V together with their single-particleg fac-
tors.

The striking feature of the single-particle spectra shown
opes
TABLE VI. Calculatedg factors for the lowest states of spin 2, 4, and 6 in the even Te and Xe isot
and comparison with experimental values. Calculation I considers a shell closed atN,Z564, while calcula-
tion II utilizes the full 50–82 shell.

52
134Te82 52

132Te80 52
130Te78 54

136Xe82 54
134Xe80 54

132Xe78

21
1 Calc. I 10.811 10.648 10.598 10.812 10.594 10.510

Calc. II 10.858 10.448 10.445 10.861
Expt. 10.297~35! a 10.766~45! 10.354~7! 10.314~12!

22
1 Calc. I 10.736 10.399 10.229 10.812 10.463 10.423

Calc. II 10.947 10.490 10.448 10.828
Expt. 10.1(2)

41
1 Calc. I 10.810 10.789 10.766 10.811 10.780 10.740

Calc. II 10.823 10.804 10.827
Expt. 10.83~14! b 0.61~11!

42
1 Calc. I 11.097 20.167 20.174 10.810 10.782 10.739

Calc. II 11.146 20.154 10.838

61
1 Calc. I 10.816 10.804 10.786 10.818 10.800 10.777

Calc. II 10.817 10.807 10.823
Expt. 10.846~25! c 10.79~9! d

62
1 Calc. I 11.169 20.010 20.057 11.165 10.560 10.429

Calc. II 11.168 20.112 11.160

aAverage ofg factors quoted in Ref.@1#.
bAverage ofg factors of Ref.@17# and present work.
cReference@43#.
dReference@44#.
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Table V is the subshell gap between the 2d3/2, 1h11/2, and
3s1/2 orbits and the 2d5/2 orbit. It follows that the valence
proton excitations in the even Xe isotopes will involve pr
dominantlyp1g7/2 configurations with somep2d5/2 admix-
tures and much weaker contributions fromp2d3/2, p1h11/2,
and p3s1/2. In contrast, the close proximity of the corre
sponding neutron-hole orbits near the Fermi surface, nam
n2d3/2, n1h11/2, andn3s1/2, implies that the low-lying low-
spin neutron excitations will have mixed contributions fro
all three of these orbits. As a first approximation a set
calculations~Table VI! with closedN564 andZ564 sub-
shells~calculation I! was run for the nuclei 52

130,132,134Te and

54
132,134,136Xe. Since the interactions were not adjusted to
count for the truncated space, these give a relatively p
description of the excitation energies. However, these ca
lations do define the dominant components of the wave fu
tions and hence give a first semiquantitative estimate of thg
factors. A second set of calculations~calculation II! with no
restrictions on the valence configurations in the 50–82 m
shell was also performed. As a result of limitations on t
number of configurations that can be included in the cal
lation, this approach could only be used for54

136Xe82 and

52
132,134Te80,82 and for the 21 states in 52

130Te78.
The calculations indicate that the proton excitations

mainly p2d5/2 while the neutron configurations are a mix
n2d3/2 andn1h11/2, with then1h11/2 orbit being more domi-
nant as the spin increases. The neutronn3s1/2 orbit plays a
much smaller role.

For N,82, the 41 states consistently have largerg fac-
tors than the 21 states, in agreement with experiment, a
there is a tendency for the second 21 state to have a smalle
g factor than the first 21 state (N,82), but this trend can be
quenched or even reversed if the basis space is increas

As expected, increasing the size of the basis space us
pushes the low-excitationg factors closer to the collective
model values and suppresses the variations seen in
limited-basis calculations. The fact that the experimenta
observedg-factor variations are quenched in the large ba
calculations suggests that the residual interactions, and
ticularly the proton-neutron interactions, need refining.

It is interesting to note that the yrast states in Te and
behave similarly, but nonyrast states can have very diffe
ic

n-

c

N.

02431
-

ly,

f

-
or
u-
c-

r
e
-

e

.
lly

he
y
s
ar-

e
nt

structures. For example, the sign reversals predicted for tg
factors of the 22

1 and 42
1 states in the130,132Te78,80 isotopes

are not present in the corresponding Xe isotones.
From the point of view of the present calculations, it

very difficult to obtain a small value forg(22
1) in 54

132Xe82

because the two lowest 21 states have similar structures an
the larger basis calculations drive their calculated values
ward Z/A. The immediate suggestion is that the proto
neutron interactions are too strong. The calculations a
yield largerg(21

1) than experiment. It is certainly possible t
adjust the residual interactions to improve the calculations
the 21 state energies and this aspect should be considere
future work. However, with even a few valence nucleo
there are likely to be collective components in the lowest1

state that are not easily included in shell model calculatio
and it may be necessary to employ a particle-core model@45#
to describe the interplay of collective and single-particle fe
tures.

In summary, high-precisiong-factor data were obtained
for low-lying 21 and 41 states in 130,132,134,136Xe using a
new experimental technique involving Coulomb excitati
of beam projectiles in inverse kinematics combined with
transient field method. These precise experimentalg factors,
examined in conjunction with level energies, transition pro
abilities, and a first set of shell model calculations, are a
to provide detailed information on wave functions of the
excited nuclei. A complex picture of single-particle intera
tions coupled to collective motions is required to explain t
observedg-factor variations.
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